Introduction {#s1}
============

Deagrarianisation is a widespread phenomenon that significantly affects local and national food security, rural livelihoods and the environment \[[@B1],[@B2]\]. Globally, abandoned crop land increased from approximately 50 million ha in the 1940s to over 200 million ha by 1990 \[[@B3]\]. Drivers of abandonment of farming as a livelihood include land degradation and declining soil fertility, increasing prices of farming inputs, the migration of rural inhabitants to urban areas and the inability of small-scale farmers to compete with large-scale conglomerates \[[@B1],[@B2],[@B4]\]. Nonetheless, with increasing human populations and westernisation of consumption patterns any decrease in agricultural production and hence food security is usually viewed with concern at both local and national scales \[[@B5]\]. Additionally, field abandonment may be associated with increased wild fires, soil erosion, and the establishment of invasive species \[[@B5],[@B6]\]. However, if native plant communities re-establish on abandoned fields it can help reverse local-scale loss of biodiversity and associated ecosystem goods and services of which agriculture is a primary driver \[[@B7]\].

Deagrarianisation on South Africa's Wild Coast {#s1.1}
----------------------------------------------

Agriculture on the South African Wild Coast has declined over the last 70 years. As of the 1940s, maize cultivation declined as a result of several factors, including the pressure of state subsidies and aid to white farmers, price and quality controls, increasing land taxes, and the large-scale recruitment of unskilled labour to work in gold mines \[[@B8],[@B9]\]. Later, the forced relocation of formerly dispersed homesteads into concentrated villages (under the so-called national "Betterment" programme) resulted in increased distances between homesteads and fields for the majority and the resultant increase in small-scale garden cropping \[[@B8]-[@B10]\]. Field sizes decreased from an average of 1 327 m^2^ in the early 1940s to 650 m^2^ in the early 1980s \[[@B11]\], and abandonment rates of agricultural fields ranged from 20 % to 100 % across different villages \[[@B11],[@B12]\]. Currently, agriculture does not meet the food needs of most households and little produce is sold \[[@B13]-[@B15]\]. There has also been a decrease in livestock ownership \[[@B11],[@B12]\]. This may also constrain cropping because of insufficient draught power \[[@B16]\]. More recently, several commentators advocate that the primary driver of the decline is the increase in disposable cash income from migrant labour and state social grants and pensions so that rural people now purchase food in urban markets rather than grow their own \[[@B13]-[@B15]\]. Additional reasons for field abandonment along the Wild Coast have been mooted as exhausted soils, unpredictable weather, lack of labour due to children attending school and the migrant labour system to large cities and mines, lack of access to credit and income to buy capital inputs, and problems with livestock and wild animals destroying crops \[[@B8],[@B11],[@B12]\].

The overall decrease in farming has led to the reduction of community ethics and identity related to farming \[[@B11]\]. This is shown in the lack of consensus and kinship of households preventing their livestock from entering a neighbour's field \[[@B11]\]. Nonetheless, although farming usually does not provide for all of a household's food needs, it is still a potentially important source of nutrition and food security and is useful for freeing up cash and acting as a safety net during vulnerable times, especially for the rural poor \[[@B15],[@B17],[@B18]\]. Further advantages can be found in its role of building social capital, maintaining traditions, providing animal feed during winter, as well as to reinforce land ownership and entitlement \[[@B12]\].

Field abandonment and revegetation {#s1.2}
----------------------------------

After abandonment, old fields may revert to some semblance of natural vegetation, or may be suspended in an intermediate or even degraded state. This depends upon the nature and intensity of the previous farming activities, post-abandonment land uses and disturbances, the quantity and quality of the seed bank, proximity and quality of nearby natural vegetation and the abundance of seed dispersal agents \[[@B2],[@B19]-[@B21]\]. Where conditions and management are conducive old fields may revegetate along an identifiable trajectory \[[@B22]\], and is commonly associated with a significant increase in plant biomass \[[@B23]\], although not necessarily an increase in plant species richness \[[@B24]\]. The rate of change depends upon the frequency and intensity of disturbance and the duration of the pioneer stage. In many places in South Africa *Acacia karroo* is a dominant pioneer tree species, and woody plant community composition has not moved past the *A. karroo* stage even after 50 years \[[@B20],[@B25],[@B26]\]. Berliner \[[@B27]\] suggests that the same applies on the Wild Coast, where *A. karroo* establishes in abandoned fields, but few other woody species follow. However, others see it is a traditional pioneer species which after three or four decades provides conducive conditions for other woody species to establish \[[@B28],[@B29]\]. Whether this ultimately moves to a plant community structure and composition similar to relatively intact forests of the region remains unclear.

Forests on the Wild Coast {#s1.3}
-------------------------

Within South Africa the forest biome is the smallest of the seven biomes, accounting for less than 0.2 % of the terrestrial area \[[@B30]\]. Forests along the Wild Coast form part of the Maputuland-Pondoland-Albany biodiversity hotspot. There are approximately 50 000 ha of indigenous forest along the Wild Coast, largely made up of numerous fragments smaller than 100 ha within a grassland matrix \[[@B27]\], maintaining high faunal richness \[[@B31]\]. The size and distribution of the forest patches is dynamic, being influenced by soil factors and fire regimes as well as fluctuating intensity of human uses over millennia \[[@B10],[@B32],[@B33]\].

The Wild Coast forests provide multiple benefits to local people. Direct benefits include building materials, fuelwood, wood for other purposes, medicinal plants, wild foods, grazing, recreation, bushmeat, crafts and areas of cultural importance \[[@B27],[@B30],[@B34]-[@B36]\]. Indirect benefits include aspects such as water provision, carbon sequestration, climate regulation and cultural sites \[[@B37]\]. Despite these benefits, some commentators argue that forests are being lost at an alarming rate due to increased human population and the associated land use pressure, a reduction in the authority of traditional leaders who previously played a key role in managing forests and regulating fires, mining and the impacts of invasive vegetation \[[@B27],[@B30],[@B34],[@B38]\]. However, counterviews suggest that the increase in the number of state social grants, fewer livestock, and greater access to electricity have resulted in declining direct use of the forests and consequent natural reforestation in some parts of the hotspot (10, 39-40\]. Increased atmospheric carbon dioxide due to climate change may also be playing a role in promoting woody species presence and growth \[[@B41],[@B42]\].

From the above a number of contested views are apparent relating to the causes and consequences of deagrarianisation on the Wild Coast, especially (i) what are the primary drivers of abandonment of farming livelihoods, (ii) level of use and loss of forests and (iii) whether abandoned croplands remain dominated by *Acacia karroo* or revert to forest. Some of these differences may well lie in the limited integration of social and ecological perspectives \[[@B10]\]. Most studies have focused only on drivers and the impacts of deagrarianisation for humans with limited consideration of the environmental effects \[[@B11],[@B12]\], and GIS studies have not ground-truthed the species composition of reforesting areas \[[@B10],[@B39]\]. Consequently, this study sought to understand the interplay of socio-economic drivers and ecological consequences of deagrarianisation on the Wild Coast. Key questions related to (i) causes of deagrarianisation and forest change, (ii) perceptions of such changes, (iii) whether succession after field abandonment leads to an increase in species richness over time, and (iv) local perceptions, practices, preferences and use of different landscapes.

Study Site {#s1.4}
----------

The Willowvale area (32.26° S; 28.50° E) is located in the Eastern Cape province of South Africa along what is known as the Wild Coast. The area is dominated by rolling hills and valleys, with an altitude ranging from sea level to 450 m \[[@B43]\]. The rainfall is approximately 800--1 000 mm per annum, concentrated in summer (October to April), although some winter rain is common. Mean temperatures range from highs of 27 °C in summer to 3 °C lows in winter.

The geology in the area is of the Karoo Supergroup, consisting of mudstones of the Adelaide Subgroup and shales, mudstones and sandstones of Beaufort and Ecca Group and tillites of the Dwyka group \[[@B43]\]. Moderate to deep apedal Glenrosa and Mispah soil types dominate making up sandy and clay loams \[[@B43]\]. The natural vegetation is a mosaic of forest, thornveld, dune thicket and grassland patches \[[@B43]\]. The area is a meeting point of four of the seven biomes found in South Africa \[[@B44]\]. It falls within the Maputaland-Pondoland-Albany biodiversity hotspot, characterised by high levels of endemism and threatened species \[[@B44]\]. The forests are the most species rich non-tropical forests in the world \[[@B44]\]. With high endemism and local land use pressures it is regarded as a priority corridor for biodiversity conservation \[[@B44]\].

According to the local municipality approximately 91 % of households live below the poverty line \[45\]. Illiteracy is about 56 %, and unemployment approximately 79 % \[[@B45]\]. Population density is approximately 53 persons per km^2^. Land tenure is communal, controlled by chiefs and tribal authorities. The landscape has patches of grazing land, subsistence farming and dispersed homesteads \[[@B44]\]. There is high reliance on state welfare grants and remittances from migrant labour for cash income \[[@B12]\]. The livelihoods of these villagers are diversified with a combination of cash incomes, state grants, livestock, subsistence farming, petty-trading, micro-enterprises, and collection of non-timber forest products (NTFPs) \[[@B8],[@B35]\].

Methods {#s2}
=======

Several methods were employed to address the key questions. This study was approved by the Dept of Environmental Science Ethics committee, and the broader study of which it was part was approved by the Rhodes University Ethics committee. Permission to work in the area was granted by the local Traditional Authority. Given high levels of illiteracy amongst the interviewees, verbal, rather than written, informed consent was sought and noted. Where verbal consent was not granted (one instance) no interview was conducted.

Assessing changes in land cover/use {#s2.1}
-----------------------------------

To assess broad trends in landscape use and cover, 1961 aerial photos were compared to 2009 photos by means of randomly selected sample plots (50 m x 50 m). Eight hundred and forty-four plots were sampled on the 1961 photos and 949 on the 2009 photos, representing approximately 5 % of the study land area. Each plot was categorised by its dominant land use or cover, i.e. abandoned garden, abandoned field, current field, current garden, forest, woodland, and grassland. Woodlands were identified as areas dominated by woody vegetation but with a markedly discontinuous canopy, whilst forests were dominated by woody vegetation with a canopy cover of greater than 90 %.

Assessing vegetation succession in abandoned fields {#s2.2}
---------------------------------------------------

Woody plant density and composition were assessed in fields abandoned between 1940 and 2000. Old fields were selected and aged using aerial photographs and triangulated with information provided by local inhabitants. Forty-five (10 x 20 m) plots were sampled in abandoned fields; three plots in fields abandoned in the 1940s, seven in the 1950s, five in the 1960s, 15 in the 1970s, nine in the 1980s and six in the 1990s. A further ten were sampled in uncleared forest as a reference. In each plot the GPS coordinates, slope (Abney level), altitude (GPS), aspect (compass), slope position (six point scale) and the distance to the nearest forest were recorded. The total woody cover was estimated visually. The species and basal diameter at 30 cm above ground level for all stems thicker than 1 cm were measured and woody species smaller than that were counted.

In each 200 m^2^ plot four 1 x 1 m quadrats were used to visually estimate total percentage cover of herbaceous plants, grass, bare ground and organic litter. The 1 m^2^ quadrats were placed in the centre of each quarter of the 200 m^2^ plots. A penetrometer reading in each of the four 1 m^2^ quadrats was taken to assess soil compaction. Soil samples from each of the four 1 m^2^ quadrats were taken to assess soil organic carbon (%), P (mg/l), exchangeable acidity (cmol/l), total cations (cmol/l), acid saturation (KCI), pH (KCI), Zn (mg/l), K (mg/l), Ca (mg/l) and Mg (mg/l). The top 1 cm was removed, and a sample to the depth of 10 cm was taken. The four soil samples within each 200 m^2^ plot were pooled.

Local perceptions regarding farming, field abandonment and forest regrowth {#s2.3}
--------------------------------------------------------------------------

In May/June 2013 a household questionnaire was administered to current and former cultivators (people who had or have fields, as opposed to small vegetable gardens adjacent to the homestead) to understand people's beliefs about changes in land use practices, the causes thereof and their perceptions of what happens to abandoned fields. The questionnaire also assessed local ecological knowledge regarding woody species change in abandoned fields. Fifty interviews were done with people who no longer cultivate fields and 31 with households who still cultivate. A snowball sampling approach was adopted to identify households in each category. Abandonment of farming livelihoods and croplands was strongly evident in the study area, with only a small proportion of households still cultivating fields, necessitating that the original study area had to be more than doubled from 14 to 38 villages to get an a sample of at least 30 field cultivators. The oldest person in the household was interviewed as there were questions relating to changes in practices and fields over time. A household was loosely deemed to be all people who ate and slept in the homestead most of the time or if away made regular remittances to the household.

Data analyses {#s2.4}
-------------

Independent t-tests and chi-squared tests were used to compare the differences between households that farm and those who have ceased farming. Regression analysis was used to assess changes in woody plant species richness, diversity (Shannon-Wiener), basal diameter and soil characteristics relative to age of abandoned fields. In these regressions the age of uncleared forests was set as 100 years (changing this age to 80, 120 or 150 years had negligible effects on the resultant regressions). Detrended Correspondence analysis (DCA) was used to analyse total woody plant species composition relative to age of the abandoned fields. The Rand-US dollar exchange rate at the time of the study was approximately US \$ 1 = R 8.15.

Results {#s3}
=======

Land cover/use change {#s3.1}
---------------------

The GIS analysis showed that the landscape had changed substantially over the past 50 years ([Figure 1](#pone-0076939-g001){ref-type="fig"}). Grassland reduced by 22.5 %, whereas woodland increased from 13.9 % in 1961 to 28.8 % in 2009 and forests increased by 5 % (χ^2^ = 21.3, p = 0.0002). There was a large reduction in field cover from 12.5 % in 1961 to 2.7 % in 2009 and an increase in abandoned field cover from 1.5 % in 1961 to 6.9 % in 2009. There was also increasing abandonment of home gardens but not to the same extent as fields. This links well to the interview responses where people commonly mentioned that there had been a loss of fields and increased woody cover in the area. It also illustrates that forests are encroaching into grasslands and not only abandoned fields.

![Comparison of land cover between 1961 and 2009 (n = 844 and 949, respectively).](pone.0076939.g001){#pone-0076939-g001}

Revegetation of abandoned fields {#s3.2}
--------------------------------

Most of the vegetation attributes measured in the field plots demonstrated clear trends with time since field abandonment ([Table 1](#pone-0076939-t001){ref-type="table"}). The number of woody species (r = 0.8, p \< 0.0005) and basal area (r = 0.8, p \< 0.0005) increased with abandonment time of fields. Woody cover and tree density also increased, whilst grass cover decreased significantly as old field plots became more wooded. The amount of bare ground increased with age of abandonment, which is most likely linked to less grass. Litter cover also increased with age of field abandonment, being about six times higher in fields abandoned in 1945 compared to those abandoned in 1995. There was an association of lower slope angles and field abandonment dates, possibly reflecting that it is easier to farm on gentler slopes and so those were the last fields to be abandoned. Other variables such as distance to the nearest forest, aspect, slope position and percentage herbaceous plant cover showed no trends over time.

10.1371/journal.pone.0076939.t001

###### Physical and vegetation attributes (mean [+]{.ul} SE) of uncleared forests and fields with different lengths of abandonment (N = 55).

  Variable                                          Decade abandoned:   Statistics:                                                 
  --------------------------------------- --------- ------------------- ------------- --------- --------- --------- --------- ----- ----------
  Distance to nearest forest (m)          0         6±41                108±108       158±96    183±212   150±40    300±125   0.3   0.37
  Altitude (m.asl)                        236±165   199±41              271±117       239±131   230±134   206±90    263±130   0.0   0.94
  Aspect (°)                              180±115   132±110             78±91         125±121   168±129   161±119   191±96    0.0   0.93
  Slope position                          3±0       3±1                 3±1           2±1       3±1       4±2       3±2       0.3   0.85
  Slope angle (°)                         21±8      22±6                17±7          19±8      17±8      10±7      7±6       0.5   0.002
  Tree Density (no./200 m^2^ plot)        198±38    227±43              355±245       143±48    154±116   73±36     45±37     0.4   0.008
  No. woody species (no./200 m^2^ plot)   26±5      20±6                22±6          18±7      13±7      7±4       4±3       0.8   \<0.005
  Basal area (m^2^/ha)                    52±23     19±6                18±10         16±12     14±10     4±3       2±3       0.8   \<0.005
  Woody cover (%)                         98±3      83±5                81±42         54±22     45±26     17±15     10±12     0.8   \<0.0005
  Grass cover (%)                         1±1       20±6                27±19         60±28     59±28     69±24     81±9      0.8   \<0.005
  Herb cover (%)                          24±8      10±6                22±9          21±17     13±8      20±20     18±19     0.2   0.21
  Litter cover (%)                        50±14     44±11               28±12         19±16     15±14     4±4       6±5       0.8   \<0.005
  Bare ground cover (%)                   27±17     13±13               21±15         13±12     12±10     11±12     8±5       0.5   0.004

In the uncleared forests the seven most common woody species contributed less than half (43 %) of total tree density, whereas in fields abandoned in the 1990s the most common species (*A. karroo*) contributed 83.9 % of tree density ([Table 2](#pone-0076939-t002){ref-type="table"}). There was a steady decrease in relative contribution of *A. karroo* with age since abandonment. Fields abandoned in the 1940s, 1950s and 1960s had many dead *A. karroo* stems.

10.1371/journal.pone.0076939.t002

###### The relative density (%) of the most common woody species in forests and across fields with different abandonment dates (N=55).

(\* alien invasive species) .

  Species                            Decade abandoned:                               
  ---------------------------- ----- ------------------- ------ ------ ------ ------ ------
  *Acacia karroo*              0     2.7                 5.6    18.1   24.3   54.4   83.9
  *Acalypha glabrata*          6.5   0                   0      0      0      0      0
  *Calpurnia aurea*            3.2   0                   3.4    0      0.04   0      0
  *Cestrum laevigatum \**      2.2   0                   0      1.23   0.2    1.3    1.1
  *Coddia rudis*               1.1   11.1                16.3   12.7   8.9    9.3    1.5
  *Diospyros dichrophylla*     0.2   2.1                 2.1    2.1    4.4    2.6    4.1
  *Diospyros lycioides*        3.9   12.3                11.9   8.4    6.2    4.3    0
  *Grewia occidentalis*        2.9   7.5                 4.9    6.3    2.9    2.2    0.3
  *Justicia campylostemon*     5.7   0                   0      0      0      0      0
  *Lantana camara \**          2.9   16.7                12.6   13.0   25.9   15.9   3.0
  *Maesa alnifolia*            1.3   1.8                 1.1    4.3    2.2    5.6    1.1
  *Millettia grandis*          7.7   0.7                 0.9    0      0.3    0      0
  *Plectranthus ecklonii*      5.5   0                   0      0      0      0      0
  *Scutia myrtina*             0     3.7                 0.5    0.4    0.3    0      0
  *Solanum chrysotrichum \**   4.6   0                   0      0      0.1    1.4    0
  *Tecomara capensis*          0     0                   3.2    0.4    3.1    0      0
  *Tricalysia lanceolata*      8.6   6.4                 3.7    0.6    2.7    0      0
  *Trimeria grandifolia*       0.9   10.4                2.7    3.9    2.3    0.2    0
  *Zanthoxylum capense*        4.4   5.1                 3.2    5.7    2.2    2.2    1.5

Woody plant species diversity increased from 0.8 in fields abandoned in 1990s to 3.13 in fields abandoned in the 1950s, approaching that of uncleared forests, which had a Shannon-Wiener diversity index of 3.58 ([Figure 2](#pone-0076939-g002){ref-type="fig"}). The oldest abandoned sites were not as diverse as the forests, but close. The mean number of woody species in the forest plots was 26.6 ± 5.6 compared to 20.0 ± 6.1 in the old field sites abandoned the longest ([Table 1](#pone-0076939-t001){ref-type="table"}). The regression of species richness against time indicated that approximately three woody species were added per decade after abandonment ([Figure 2](#pone-0076939-g002){ref-type="fig"}). Alien invasive species made up 17.8 % of the top seven most common species in abandoned fields and forests ([Table 2](#pone-0076939-t002){ref-type="table"}).

The DCA revealed five distinct groupings arranged along the first axis, corresponding to abandoned fields of different ages and one cluster for uncleared forests ([Figure 3](#pone-0076939-g003){ref-type="fig"}).

![Shannon-Wiener species diversity change with time of field abandonment (forests set at 100 years) (n = 55).](pone.0076939.g002){#pone-0076939-g002}

![Detrended Correspondence Analysis (DCA) ordination diagram of plots for species composition in fields with different abandonment decades and intact forests.\
(A = forests; B = 1940s and 1950s plots; C = 1960s; D = 1970s and 1980s; E = 1990s). (n = 55)](pone.0076939.g003){#pone-0076939-g003}

Soil carbon increased significantly with increasing age of the abandoned fields ([Table 3](#pone-0076939-t003){ref-type="table"}), as did total cations and calcium. Soil compactness decreased. All the other soil attributes showed no trends in relation to age of abandoned fields.

10.1371/journal.pone.0076939.t003

###### Soil characteristics (mean [+]{.ul} SE) with age of abandoned fields and uncleared forests (N = 55).

   Variable                            Decade abandoned:   Statistics:                                                         
  ------------------------ ----------- ------------------- ------------- ----------- ----------- ----------- ----------- ----- ---------
  Organic carbon (%)       4.0±0.6     4.3±0.7             3.4±0.9       2.9±0.9     2.8±1.0     1.8±0.7     1.6±0.6     0.7   \<0.001
  pH (KCI)                 4.8±0.7     5.4±0.2             4.9 ±0.5      4.7 ±0.5    4.8±0.4     4.6±0.2     4.6 ±0.6    0.2   0.214
  Exch acidity (cmol/l)    12.5±34.2   0.2±0.0             0.2±0.1       0.5±0.5     0.7±0.8     0.2 ±0.1    0.3 ±0.1    0.3   0.058
  Acid saturation (KCI)    9.5±9.7     2.0±0.0             2.1±1.0       8.0±9.1     7.3±8.0     3.4±1.9     5.2±2.1     0.2   0.223
  Total cations (cmol/l)   7.7±1.4     9.7±1.6             7.6±1.3       7.3±2.3     6.9±2.1     5.7±2.3     5.6±1.7     0.3   0.014
  K (mg/l)                 114±53.1    164±36.2            101±31.4      130 ±21.0   103±36.5    69±40.9     133±119.7   0.1   0.451
  Ca (mg/l)                858±403.7   1138±337.6          878±236.6     721±543.4   646±307.7   593±296.9   549±344.6   0.3   0.027
  Mg (mg/l)                302±72.4    415±13.7            337±85.3      356±39.5    349±66.5    317±125.1   277±34.2    0.0   0.952
  P (mg/l)                 25.4±8.8    15.3±2.4            15.0±6.3      11.0±12.2   19.0±11.3   13.8±9.7    21.0±6.3    0.2   0.082
  Zn (mg/l)                7.6±6.9     6.2±5.2             5.1±7.2       14.7±8.1    8.0±12.2    4.4±5.4     10.2±12.3   0.0   0.915
  Penetrometer             2.5±0.8     3.0±1.3             4.0±0.7       4.2±0.3     4.1±0.5     4.4±0.2     4.0±1.2     0.7   \<0.001

Characteristics of current and past cultivators {#s3.3}
-----------------------------------------------

Just under half (46 %) of the respondents were male and the average age of respondents was 59 ± 14.9 years. Poverty was extensive in the area resulting from limited employment opportunities and low education levels (and average of 4.4 ± 4.3 years of schooling). Only 19.8 % of households had electricity. Cultivating households were larger (7.4 ± 4.0 people per household) than past-cultivators (5.6 ± 2.9) (t = 2.3, d.f = 79, p = 0.03). The majority of households' cash income came from state welfare grants and pensions. Current cultivators averaged 1.9 ± 0.7 grants and 0.8 ± 1.7 state pensions per household, which was similar to past cultivators who received 1.4 ± 1.5 grants and 1.1 ± 1.2 state pensions per household. However, farming households had significantly higher employment rates with an average of 0.5 ± 0.6 jobs per household, compared to former cultivators which had only 0.2 ± 0.4 jobs (t = 2.1, d.f = 79, p = 0.04). Cultivating households received an average of 0.4 ± 0.7 remittances per household, whereas past cultivating households received 0.2 ± 0.4 remittances.

Cultivators had significantly (d.f = 79, p\<0.0005) more livestock per household (11.5 ± 9.9 cattle, 14.2 [+]{.ul} 14.9 goats, 9.3 [+]{.ul} 14.9 sheep) than past cultivators (2.2 ± 3.2 cattle per household, 1.7 ± 1.3 goats and 0.1 ± 0.42 sheep). This shows that current field cultivators also seem to be small-scale livestock owners. Current cultivators had more vehicles than past cultivators (0.4 ± 0.7 and 0.02 ± 0.1, respectively (t = 3.5, d.f = 79, p = 0.0006)). Overall, these results indicate that cultivating households were wealthier than former cultivators, as they had greater employment rates, more remittances, assets and livestock.

Farming practices {#s3.4}
-----------------

Many households that had stopped farming did so approximately 18 ± 12 years ago. Current cultivators had cleared their fields more recently (30.2 ± 16.8 years ago) than past cultivators (37.7 ± 16.7 years ago) (t = 2.1, d.f = 79, p = 0.037). On average, 64.5 % of cultivating households said they had cleared primary forest to create their fields, whereas fewer (55.5 %) past cultivators had cleared forest (χ^2^ = 4.4 p = 0.03). All past and current cultivators planted maize, 62 % planted pumpkins and 42.5 % planted beans. Less commonly mentioned crops included sweet potatoes, butternut, cabbage and beetroot. Of the households that had stopped cultivating and had not done so for many years, 70 % said other villagers must ask permission to graze livestock or collect NTFPs in their old fields and only 1.2 % stated that they lose the ownership or usufruct of their fields if they do not cultivate them. This suggests a strong sense of entitlement for this land even if it is not cultivated.

Of those households still farming 45 % did so solely to supply food for household use, whilst 55 % grew for own consumption and sale combined. On average, 26.8 ± 21.7 bags (50 kg bags with the corn on the cob) of maize were produced per household per year. The average income from selling extra produce was R 1 450 ± 1 440 per household per year. The average selling price per bag was R 150.

Drivers of field abandonment {#s3.5}
----------------------------

The primary reason noted by both groups for reduced agriculture was that ploughing was difficult because residents no longer invest in cattle or their cattle have died ([Table 4](#pone-0076939-t004){ref-type="table"}). Interestingly, some past cultivators (22 %) stated that raiding of crops by livestock was an important factor in driving some households to abandon farming, whereas none of the current cultivators identified this as a cause of deagrarianisation. Similarly, one in ten current cultivators mentioned that many people ceased farming because farm work is too hard and they are 'lazy', whereas none of the past cultivators mentioned this. Responses from the prompted list echoed those of the free response list, including not enough equipment and problems with pests and livestock raiding crops. Almost two-thirds (64 %) of former cultivators said that farming is not worth the effort, which may link to the statement regarding 'laziness' made by current cultivators.

10.1371/journal.pone.0076939.t004

###### Reasons why people have stopped cultivating (% of responses).

  Reason                        Current cultivators (n=31)   Past cultivators (n=50):   
  ----------------------------- ---------------------------- -------------------------- -----
  No cattle                     39                           54                         N/A
  Wild animals eat crops        16                           12                         80
  Livestock eat crops           0.0                          22                         80
  Lazy                          11                           0                          N/A
  Not enough equipment          N/A                          N/A                        56
  Inputs too expensive          N/A                          N/A                        56
  Not enough labour             N/A                          N/A                        38
  Not worth it/ disinterested   N/A                          N/A                        64
  Have enough food/income       N/A                          N/A                        14
  Unpredictable weather         N/A                          N/A                        20
  Exhausted soils               N/A                          N/A                        24

Approximately 60 % of past cultivators indicated they would be interested in farming again within the next five years. Key reasons were that they wanted to make money and improve food security. However, 56 % of those saying they would be interested have not farmed for 15 years or more. Most of these respondents were waiting for government to provide communal tractors, fertilizer and seed. The rest (40 %) said they would never farm again, mainly because they felt it was not worth it, or they were too old or infirm.

Only one-quarter (25.8 %) of current cultivators believed that the youth would become involved in farming in the future, which is significantly higher than the 6 % of former cultivators feeling the same (χ^2^ 13.78, p = 0.0002). Forty-five per cent responded that the youth are too lazy to farm and 11 % stated that the youth were moving away to cities. Other reasons were that the youth don't know how to farm, they were not interested in farming, that they no longer like maize as they prefer to eat rice, it would be too much effort to clear trees from abandoned fields and the soil is poor. Those that responded positively discussed that the youth would farm to make money and improve food security for their households.

Use of old fields and forests {#s3.6}
-----------------------------

All cultivators and past cultivators used at least two NTFPs. On average, 20.4 % of cultivating households and 15.3 % of past cultivating households used current and abandoned fields as their primary site for NTFP collection. In comparison, 47.7 % of current and 44.0 % of past cultivators used forests as their primary source of NTFPs. Corresponding figures for around homesteads and adjacent open grassland areas were 23.7 % and 25.3 %, respectively. The proportion of households collecting NTFPs and the variety collected by current cultivators in current and abandoned fields was higher than past cultivators (χ^2^ = 60.85, p \< 0.0005), the same can be said for forests (χ^2^ = 13.1, p = 0.04), as well as homesteads and grasslands (χ^2^ = 17.3, p = 0.002).

Respondents mentioned that the NTFPs are less commonly used nowadays compared to the past ([Table 5](#pone-0076939-t005){ref-type="table"}). This was because people have cash incomes (largely from state grants) to buy fuel for cooking (paraffin or gas) and meat and vegetables. They also have better access to clinics when ill and so make less use of medicinal plants from the wild. Whilst most households still used NTFPs, the frequency of use was a lot less, which they perceive to be a factor contributing to forest and woodland change in the area.

10.1371/journal.pone.0076939.t005

###### The proportion (%) of current (n=31) and past cultivators (n=50) that collect NTFPs from three different land use types (N = 81).

  Resource                  Forests:        Used and abandoned fields:        Grasslands and homesteads:   
  ------------------------- ---------- ---- ---------------------------- ---- ---------------------------- ----
  Fuelwood                  97         92   64                           64   0                            0
  Wood for other purposes   81         74   0                            6    0                            0
  Wild fruits               84         74   0                            2    0                            4
  Wild vegetables           0          4    51                           6    87                           94
  Bush meat                 45         20   0                            0    0                            0
  Thatch grass              10         6    32                           46   58                           68
  Grass/stick brooms        26         42   13                           4    51                           58
  Medicinal plants          77         76   23                           10   16                           4

Perceptions of forest and woodland change {#s3.7}
-----------------------------------------

All current cultivators and 94 % of past cultivators perceived the forest and woodlands near their homestead to be changing, with 96.8 % of cultivators and 88 % of past cultivators saying that they were increasing. Current cultivators said that the forests and woodlands started changing 19 ± 10.6 years ago, whereas past cultivators viewed this change as starting slightly further back, approximately 22 ± 13.9 years ago. These estimates coincide with the mean date of cessation of field cultivation (18 ± 12) years ago.

The perceived key drivers of the forest and woodland increase were a reduction in farming and reduced collection of NTFPs ([Table 6](#pone-0076939-t006){ref-type="table"}), whilst a small proportion (10 %) attributed it to increased rainfall. Cultivators also mentioned the migration of people to cities, which led to decreased use of forests and woodlands, along with a concomitant rapid increase in cover of invasive species. There were significantly different responses between cultivators and non-cultivators for reasons driving forest and woodland increase (χ^2^ = 36.6, p \< 0.001).

10.1371/journal.pone.0076939.t006

###### Reasons provided by current and past cultivators regarding why forests are increasing (N=74).

  Reasons                   Proportion of responses (10 % and above):   
  ------------------------- ------------------------------------------- --------
                            (n=30)                                      (n=44)
  Less farming              40                                          42
  Using less NTFPs          30                                          44
  More rain                 11                                          10
  Invasive species          10                                          0
  People moving to cities   10                                          2

The majority (83 %) of both groups felt that the increase was undesirable; the most common reason being because it increased the presence of wild animals that are dangerous to humans and eat crops. Commonly cited dangerous animals were snakes and jackals, whilst bush pigs, jackals, baboons, monkeys and rats were seen to raid chickens and crops. Other negative perspectives related to forest and woodland increase were that criminals hide there (36.4 % for past cultivators and 24.1 % for current cultivators) and that it represents loss of faming in the area (13.8 % current cultivators and 4.6 % past cultivators). Only a few viewed the increase in a positive light, stating that it was beneficial because NTFPs were becoming more abundant (10.3 % for current cultivators and 13.6 % past cultivators). Fifty-two per cent of past cultivators mentioned that their abandoned fields have become forest or woodland, 36 % said that they were now grasslands, and 8 % said their field had become homesteads. Cultivators responded that it takes 0.9 ± 1.6 years for trees less than 10 cm tall to establish in abandoned fields, whereas past cultivators stated it takes 2.1 ± 0.9 years. Both cultivators and past cultivators mentioned it takes 7-8 years for a tree of approximately 1.5 m tall to grow into abandoned fields. Most respondents said that the first and most common woody species to grow into abandoned fields was *A. karroo* ([Table 7](#pone-0076939-t007){ref-type="table"}).

10.1371/journal.pone.0076939.t007

###### Widely mentioned woody species that establish first into abandoned fields as mentioned by current and past cultivators (N=81) (\* = invasive alien species).

  Species                   Current cultivators (%) (n=31)   Past cultivators (%) (n=50)
  ------------------------- -------------------------------- -----------------------------
  *Acacia karroo*           100                              88
  *Lantana camara \**       36                               20
  *Diospyros lycioides*     19                               14
  *Cestrum laevigatum \**   13                               12
  *Millettia grandis*       0                                22
  *Acacia ataxacantha*      19                               0

Discussion {#s4}
==========

Drivers of deagrarianisation {#s4.1}
----------------------------

The GIS and household interview results affirm that deagrarianisation has been going on over several decades \[[@B10],[@B11],[@B14]\], although with a noticeable peak approximately 18 ± 12 years ago. This corresponds closely with the election of the first democratic government in South Africa in 1994. With the political transition came accelerated weakening of local traditional governance structures, improvements in state social welfare grants and pensions as well as expectations of development and employment which may have led many to stop farming. The abolishment of racially discriminatory laws segregating living areas also allowed people to move freely. This period also saw the restructuring in agricultural extension services and support from government \[[@B46]\]. Thus, these changes in the macro political landscape altered social paradigms leading to landscape change at the local level.

Loss of cattle was the most common reason mentioned for the abandonment of farming because people then had no means to plough. This led to increases in the extent of woodlands and forests because of reduced agriculture. The reduction in cattle numbers will have also resulted in reduced browsing and trampling which may have increased recruitment of small woody plants. Most people mentioned that most or all of their cattle had died through drought or disease or had been sold but not replaced as people moved away from traditional investment in livestock to monetary savings. This also may be linked to the collapse of agricultural extension services and the reduction of government sponsored veterinary and dipping services, as government priorities shifted to urban development after the political transition \[[@B14]\]. Andrew and Fox \[[@B11]\] and De Klerk \[[@B10]\] show that livestock numbers have decreased but do not attribute this as a reason for a reduction in field cultivation. Lack of capital equipment, problems of crop raiding by livestock and wild animals, expensive inputs and people no longer being interested were also common reasons for abandonment of arable farming. Hebink and Lent \[[@B14]\] discuss the increase in government social grants as being the key driver of field abandonment in the Eastern Cape; however this was not mentioned by respondents in our study. Benayas et al. \[[@B47]\] show that globally, field abandonment is more commonly driven by socio-economic factors than ecological ones, mirrored by this study. Small-scale agriculture is often viewed as being for the poorest of the poor. However, this study shows it is the wealthier households, with higher cash incomes from non-farm sources, which have continued cropping and that the poorer households have abandoned fields. This suggests that economic factors, such as lack of capital and lack of funds to pay for inputs may be core reasons. Wealthier households may also have better access to labour (hired or own), skills and nutrition, which are useful for sustaining arable agriculture.

The respondents saw field abandonment as a long-term trend and that the youth are not likely to partake in arable farming in the future, and at least 40 % of households would never start agriculture again. This is due to a lack of interest and to migration to urban areas \[[@B15],[@B48]\]. Nonetheless, more than half of the respondents who had abandoned their fields stated that they would be interested in starting again, even though the majority had not farmed for 15 years or more. Key to starting again would be government support such as tractors, seed and fertiliser. Some respondents stated that there are communal tractors available, but that they are controlled by local elites who restrict their availability for use by the wider community. Additionally, maintenance is poor so that the government tractors frequently fall into disrepair.

Land cover change {#s4.2}
-----------------

Over 90 % of respondents reported that forests and woodlands are expanding, which is considerably more than the 40 % reported by Chalmers and Fabricius \[[@B39]\] at a site to the north of Willowvale. In our study 37 % of respondents viewed a reduction in cropping to be the main reason for reforestation as opposed to 75 % reported by \[[@B39]\]. De Klerk \[[@B10]\] also reported the reduction in agriculture to be the key driver of reforestation on the Wild Coast. Households viewed forest and woodland expansion to have accelerated approximately 20 years ago, however, De Klerk \[[@B10]\] showed it to be a longer term trend with woody cover increasing from 56 % in 1961 to 82 % in 2001 in Nqabara. Chalmers and Fabricius \[[@B39]\] found wooded areas to have increased by 49 % between 1974 and 2001 around several villages on the Wild Coast. These two studies show that woody expansion started earlier than perceived by respondents in our study, and mirrors woody biomass increments in other parts of the country under varying tenure and management regimes \[[@B49]\]. Other drivers of forest and woodland increase discussed by locals were reduced forest and woodland use, increased rain in the area, alien invasive species and change in land use practices due to human migration to cities. Chalmers and Fabricius \[[@B39]\] reported that locals mentioned reduced grazing and changes in fire regimes as factors increasing forest growth, neither of which were mentioned in this study. Respondents discussed that not only are forests and woodlands expanding, but that they are also becoming more dense \[[@B39]\].

Most respondents (83 %) viewed the forest and woodland expansion in a negative light, largely because it was associated with increasing populations of wild animals that are dangerous or attack chickens and crops. Other negative perceptions of the expansion included that it represents a loss of agriculture in the area whereas respondents prefer landscapes dominated by productive fields, and that the wooded areas provide hiding areas for criminals. Similar findings were reported from several European countries \[[@B50]\] where the majority of respondents viewed forest increase as undesirable as it was against the wishes of locals, created a sense of isolation between households, represented a loss and threat to farming and decreased the beauty of the area. In Willowvale, a minority of respondents welcomed the forest and woodland increase because it was beautiful and that it increased the availability of NTFPs. Similarly, Elands et al. \[[@B50]\] found some people in Europe appreciated reforestation because it provided income for locals, it increased cultural values as well as improved ecosystem services and improved the beauty in the area.

All respondent households used at least two NTFPs, most commonly from the forests, followed by gardens and grasslands and lastly in fields and old fields. The most commonly collected NTFPs were fuelwood, wood for other purposes (e.g. fencing), wild fruits, wild vegetables, thatch grass and medicinal plants, mirroring results from other studies in the region \[[@B35]\]. Generally, the cultivating households, who were wealthier, used more NTFPs than poorer, former cultivators. In rural areas wealthier households use as many if not more NTFPs than poorer households, however usually in lower quantities and they are often bought rather than collected by household members \[[@B51]\].

Changes in vegetation structure and composition {#s4.3}
-----------------------------------------------

Other authors \[[@B10],[@B39]\] have showed that the area of woody cover had increased in several areas along the Wild Coast. However, this was done on a broad scale using GIS with no ground-truthing. This led to claims that it was not reforestation, but just *A. karroo* encroachment due to altered fire regimes \[[@B26],[@B27]\]. Our study shows that species richness, diversity, basal area and woody cover increased in old fields with time, on a clear trajectory towards that of natural forests. Forest climax species become common after 45 years although the mean basal area is still less than half that of uncleared forests even 60 to 75 years after abandonment. Species diversity is high in forests and in fields abandoned over 50 years ago, but is low in recently abandoned fields. Approximately three additional woody species established for every decade of abandonment. Reforestation rates vary in relation to time since abandonment as well as local environmental conditions and post-farming land uses. For example, in North America and Central Europe the vegetation structure and species richness approach those of uncleared forests after 20 to 30 years \[[@B3]\].

The results show that concern that the reforestation after field abandonment is just *A. karroo* encroachment is unfounded. *Acacia karroo* is playing a typical pioneer species role, being the first to establish and dominate old fields, declining thereafter. After 40 to 50 years individuals die \[[@B29]\], such that it is only a minor constituent of the woody plant assemblage.

Several alien invasive species were present in revegetating fields (and some uncleared forests), the most common one being *Lantana camara*. It is possible that these invasive species may slow down the revegetation processes by outcompeting native species. Tognetti et al. \[[@B52]\] found that in grasslands in Argentina the presence of invasive species negatively impacted the natural successional process. There is still a need to better understand the role of invasive species on natural vegetation succession \[[@B53]\].

Conclusion {#s5}
==========

This study has shown that there are linkages between the political, social and ecological factors which interact to drive particular land uses in social-ecological systems and hence landscape appearance on the southern Wild Coast. Deagrarianisation was widespread in the area as a consequence of multiple drivers. A key one appears to be the reduction in cattle numbers which used to provide draught power, which in turn was a consequence of the changed political dispensation and government support. Generally it was the wealthier households that still partook in arable agriculture. The reduction in arable agriculture has a big part to play in landscape change. The reduction in cropping and livestock as well as reduced use NTFPs has allowed forest and woodland expansion. Generally, most households viewed the forest and woodland increase as undesirable due to crime risks and the fact that the forest habours more wild animals that raid crops and are seen as dangerous. This study shows that abandoned fields in this region revegetate through time towards a species composition similar to uncleared forests. For the first few decades old fields were dominated by *A. karroo* woodlands which were gradually replaced by forest species, including some invasive alien species. The change in land use and hence forest extent poses interesting challenges for balancing local livelihood needs and conservation priorities in this biodiversity hotspot.
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